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I. INTRODUCTION
C HILE became a pioneer worldwide with the introduction of reforms during the early 1980s in the electrical sector regulation. One of the fundamental reforms was the introduction of market principles in electrical generation, thus reducing the economic regulation requirements and facilitating the privatization processes of important State assets.
A second fundamental reform in the Chilean case was the introduction of what could be called "pseudo" market principles in the electrical distribution activity for end customers, stage of the electrical chain where competition is not considered feasible. The legislator socially considered that it was convenient for this activity to be developed through geographic monopolies, given important scope economies shown by the distribution technologies, that make distribution unit costs fall as the density of population grows within an area. The monopolistic characteristic of this business makes distribution regulation very relevant in the development of an electrical deregulated market.
The major tasks of distribution regulation are to ensure that tariff setting allows the company to recover its costs plus a reasonable return on its capital, taking into account the risks faced by the company, while promoting incentives to achieve greater efficiency. The traditional regulatory scheme is tire rate of return regulation (ROR), that ensures the regulated distribution company a fixed return on capital [2] , no matter its costs. Disadvantages are that the company has a perverse incentive to overinvest and it does not promote efficiency. New regulatory schemes Manuscript received April 16, 1999. This work was supported by the Fondecyt Project 1971265 and from Endesa through the Unidad de Invesligación y Desarrollo at Universidad Católica de Chile.
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have been developed to stimulate efficiency within the companies, under what has been called "benchmark regulation" [5] . The Chilean reform contributed to these developments, with a regulation that aims at making the private monopoly "compete" with a reference efficient model company, with a "yardstick competition" approach. It basically corresponds to a competition by comparison, where a specific rate of return for each distributor is not assured nor limited, depending on the results of its relative efficiency compared with the reference model upon which base the tariffs are calculated. This methodology has been complex to apply, with bitter disputes among parties involved. This work contributes with a proposal to integrate the yardstick competition regulatory scheme used for distribution regulation in Chile with the price cap scheme used by the water and electricity regulators in England and Wales, capturing the best characteristics of both regulatory schemes.
The paper contributes also with models to determine efficient electricity distribution costs, different to those developed in Norway and Sweden [4] , [6] , [10] .
II. YARD STICK COMPETITION IN CHILE
The final price paid in Chile by a regulated consumer integrates the regulated generation-transmission price with which the generators supply the distributing companies and an added value for the distribution service (VAD). The VAD price is determined from the optimization of a real distribution company that gives source to a model company, and such model company is benchmarked with all the distribution companies of the country [9] . The relative performance of the industry is assessed, assuring in theory a specific minimum return to those companies that have a performance similar to the model company.
The VAD considers the three main components that form part of the distribution business cost: infrastructure and equipment costs, energy and power losses, and operational costs such as administration, operation and maintenance expenses. They are grouped in: 1) Fixed costs for administration, invoicing and user service expenses, independent from consumption; 2) Mean distribution losses in power and energy; 3) Standard investment, maintenance and operational costs per unit of power supplied. The annual investment costs are calculated considering the New Replacement Value (NRV), the facilities adapted to the demand, and a discount rate equal to a real 10% per year. The indicated components are calculated for a specific number of standard distribution zones determined by the National Energy Commission, previous deliberation with the 0885 -8950/00$10.00 © 2000 IEEE companies. These standard zones represent distinctive distribution densities (high density, urban, semi rural and rural). The process to determine the NRV has the objective of calculating the "cost to renew all the works, facilities and physical goods dedicated to provide the distribution service in the respective concessions." The NRV concept applied in Chile to distribution installations has been a hybrid between the substitution and replacements costs.
A core element to determine distribution tariffs in Chile is the dimensioning of the model company. In the traditional application of the yardstick competition mechanism, the regulation of monopolistic activities is determined through the comparison of costs and performance of similar companies or mirror companies or the reduced comparison of heterogeneous companies corrected for differences [11] . In the Chilean regulation model, there is a hybrid-benchmarking scheme between different companies. On one hand, groups of companies of similar characteristics are compared with a model company, identified through typical zones. Then, the performance of heterogeneous companies is compared in an integrated manner, with an assessment of the global adequacy of the industry with a single standard. In the former case and through a theoretical model and through direct comparison, efforts are made to provide the efficiency signal to similar companies and in the latter case efforts are made to produce a horizontal comparison that fits the theoretical model with the average reality of heterogeneous companies.
To prevent a theoretical approach, the regulation specifies that the cost study of the model company for each typical zone "will be based on an efficiency assumption in the investment policies and in the management of a distributing company operating in the country." Thus, the analysis is limited to a model company that works in an environment similar to the one existing in reality and that it faces the same restrictions.
The methodology to determine the model company and the steps to be followed in the analysis can be essentially grouped in four stages. A first stage collects and validates the information of the real company. A second stage defines and dimensions the efficient company and its organizational structure. A third stage determines costs and their allocation to three fields (high voltage, low voltage and customers) and, ultimately, a fourth stage determines the VAD and the corresponding adjustment indexes to be used in the following four years, together with the identification of special circumstances.
III. PRICE CAP IN THE UNITED KINGDOM
A price cap methodology is used in England and Wales for electricity distribution [1] , [3] and for the water and sewerage services. The objectives are also to stimulate efficiency in the provision of the service. The Office of Water Services provides documents that describe the process [7] , common to the electricity distribution business. The main objectives ruling the tariff setting are the need to:
a) Analyze what is involved in the carrying out of the functions of the company. b) Secure that the company can carry out its functions with a reasonable return on capital. c) Protect the interests of the customers. d) Promote incentives to greater efficiency within the companies. The price cap methodology updates the tariffs by a RPI formula. That is the Retail Price Index, equivalent to a Consumer Price Index, plus a factor . Factor considers an initial price reduction representing past efficiency achievements of the regulated company, the future scope to accomplish greater efficiency and the necessary investment to improve the quality standard and the reliability of service. can be either positive or negative.
Within each cost category the regulator identifies three cost elements: operational costs, capital expenditure and cost of capital. These three elements together comprise the total revenue needed by the company.
To calculate the scope for greater efficiency, the regulator analyzes the past performance of the industry, other industries and the whole country economy. This analysis is explained next for operational costs and capital expenditure.
A. Operational Costs
To assess the scope for costs savings through greater efficiency in operational costs, the regulator carries out comparative analyzes between companies, to find which companies are the more efficient, to use them as a cost reference for the other ones. The differences among companies are studied, through the development of econometric models, which relate company unit costs with relevant variables. The regulator also takes into account the explanations by the companies of their special circumstances.
Efficiency increases as new electricity distribution technologies are developed and management practices improved. Based on that, an analysis of efficient increments at the industry level is performed, as well as an estimation of how less efficient companies can catch up with the more efficient.
B. Capital Expenditure
The scope for greater efficiency in capital expenditure is also performed Unit investment costs for specific electrical projects are first obtained from the companies. Unit costs for each project are compared across the whole industry, obtaining an efficient standard cost, given by the most efficient companies.
After this, the regulator informs the companies with high cost estimations. They revise their values, submitting them again to the regulator. Thus, feedback is introduced to the tariff setting. The regulator also hires external consultants to develop independent cost estimations to compare with.
To assess the level of necessary investment in infiastnicture assets, the regulator analyzes the historical relationship between such investment and the level of service provided to customers. To decide which investment projects are to be included in the tariff settinng, the regulator takes into account the service and quality legal obligations faced by the regulated companies, and the opinion of the customers.
IV. COMPARISON BETWEEN THE TWO REGULATORY SCHEMES
Both regulatory schemes have similar objectives. Both aim at setting tariff levels that reflect efficient cost levels, and a reasonable rate of return for the regulated companies, while promoting incentives to greater efficiency within the companies, transferring cost reductions to final consumers. A compared summary of both regulations is given in Table I .
A. Calculating Efficient Costs
In Chile, to determine efficient costs, a model company is defined, that operates in the country, has efficient management and investment practices, and has its installations adapted to the demand conditions. A real company is "optimized" to determine the model company, distributing electrical energy in five typical zones.
In England, the regulator determines efficient cost on the basis of information received from all the regulated companies. An efficient industry cost level is determined. When a company provides high costs estimations, relative to the rest of the industry, the regulator requests the company to revise, change and/or justify its estimations. The regulator commissions studies to external consultants to have an independent opinion.
B. Information Requirements
An important difference between both regulatory schemes is the requirement of information from the companies. An important amount of information from the companies is required in the price cap method in the British case, which may lead to information asymmetries between the regulator and the regulated companies [12] .
In the Chilean case, the consultant build the model company based on information provided by one real company, which obviously limits the information requirements.
C. Practical Experience
The use of price cap in England and Wales has been successful, at least in the water business, in providing incentives for cost reductions. In fact, after the 1994-1999 regulatory period, some companies achieved costs savings up to 20% in operational costs and 15% in capital expenditure.
In Chile, the application of the VAD approach has proved successful in orientating efficiency increases in the distribution industry, guiding its expansion in a country with load growth rates of over 7% a year.
However, the VAD studies have provided increasingly diverging results, as obtained by the regulator consultants and those of the distribution firms. This became critical in 1992 and drove the parties to intense negotiations and some companies even appealed before the Justice Courts. In the 1996 tariff process the involved parties made an important effort to revert this diverging historical trend. It was agreed to reduce room for divergence and to center the efforts in deep technical and economic analysis on the constriction of the model reference firms. The differences in the studies in terms of the trend seen in former processes were eminently decreased. In spite of this initial positive exercise of convergence between the parties, the conflict still developed. Ultimately, the process ended again at the Legal Courts.
As explained before, the Chilean regulatory scheme leaves the cost calculation method mostly to the criteria of the consultants hired by the regulator and the companies. A main area of divergence is that of the optimal management cost, in the absence of mathematical models to deal with this matter in engineering management. Thus, main sources of differences arise in determining operational costs. The use of econometric models to calculate efficient cost levels, as used by the British regulator, could provide a clearer common method for Chile. 
V. PRICE CAP SIMULATION FOR THE CHILEAN ELECTRICAL DISTRIBUTION INDUSTRY
A proposal is made to integrate price cap tariff elements to the pricing of the Chilean electrical distribution sector, particularly in the determination of operational costs. A simulation is made of this hybrid proposal.
The operational costs of the Chilean companies are compared. An efficiency ranking of the sector is developed, as well as cost reduction factors. This is done through the development of econometric models, which relate the costs of the different companies with physical and demographic variables. Only a limited set of variables was available for the research.
Two different components of the operational costs are modeled separately, the operation and maintenance costs (technical costs) and the management and sales costs (retailing costs).
A. Econometric Model for Technical Costs
The developed model represents for each company the annual operation and maintenance costs, expressed per MWh sold. Real data of 13 Chilean distribution companies was used to build the models, ranging from a company with 1 114 000 customers and an annual load of 6104 GWh to a company with 3200 customers and a 5 GWh annual load. Table II. The existence of scope economies is demonstrated by the values of and . The greater the load density in the company's distribution zones, the smaller becomes the first term of the model expression. 
B. Econometric Model for the Retailing Costs
The developed model represents the management and sales costs for each company.
where is the number of customers served. and were defined previously. The coefficient values obtained are:
19.95, 393 314.8 and 1 105 741.55. The adjustment between the real data and the obtained model, shown in Fig. 2, is 0.96.
C. Costs Rankings and Price Cap Simulation
With the developed econometric models, company rankings for and were determined, as shown in Table III . They reflect the relative efficiency for both cost categories.
Cost reductions for price cap tariff setting purposes were estimated, considering that the least efficient company is asked for an annual 3.0% reduction in costs [7] , while the most efficient one is allowed to stay at its present cost levels. Table IV shows the annual projected reduction percentage for each company, for both the and costs, companies ordered as per ranking. Reduction percentages are greater for those companies with lower positions in the cost rankings.
Two other regulatory scenarios increase demands on the industry, considering 20 and 40% greater annual cost reductions. They provide a range of analysis that has to be discussed with the companies [7] . 
VI. RESULTANT COST REDUCTIONS UNDER BOTH REGULATIONS
The resultant cost projections under both regulatory schemes are compared, looking at the most efficient and least efficient companies under the ranking. The first difference that is observed in the price cap cost projection is that the cost reduction is not similar for companies with alike distribution zones.
In Chile all the companies are compared with the same model company, that serves in five typical zones. If two companies have similar distribution zones, they get similar cost reductions, no matter their efficiency.
The following figures show the comparison between the projected cost reduction requested by the Chilean 1996 tariff studies [9] , and the projected cost by the reported price cap simulation, for the most efficient and least efficient companies of the ranking. Fig. 3 shows the cost comparison for , the most efficient company. While the Chilean regulation requires a cost reduction, the price cap one allows to maintain its cost levels, given it is the most efficient one. Fig. 4 compares both regulations for , the least efficient company. Three regulatory scenarios for the price cap reductions are included in this last case.
Under the Chilean tariff scheme both companies are given similar reduction trends, which is not the case in the price cap approach Similar assessments are made if the cost reductions are compared under the two schemes. 
VII. REGULATORY SCHEME PROPOSALS
Inspite of the success of the Chilean stick competition approach in reducing distribution tariffs, the need is to improve its application, reducing ambiguities in cost determination as well as conflicts among involved parties and the ambiguities. The British price cap approach suggests avenues of improvement.
The authors propose the evolution to a hybrid method to determine tariffs, incorporating a price cap approach to one of the main sources of differences, that of detaining operational costs.
The introduction of other advantageous elements of the British model is also suggested.
The proposal considers continuing with the NRV valuation of the company's capital expenditure. The development of models to help minimize cost of equipment assets could be introduced [8] . A change is proposed, introducing the econometric model methodology developed before to assess operational costs.
The second proposal for change relates to the determination of the appropriate rate of return, given the risks faced by the regulated company. It is proposed to adopt financial calculations in the regulatory studies, as in the British model, applying the rate of return restriction to each company, and not to the regulated industry as a whole. CAPM models could be used. This gives the possibility to monitor the risk faced by the regulated companies.
No change is proposed for the final tariff calculations in the Chilean approach. The regulator has the responsibility to determine all kinds of tariffs for regulated customers in each of five zones. This reduces the risks of cross subsidies between different kinds of customers and different distribution zones within a regulated company.
Finally, the present indexation of the final tariffs is considered adequate. It provides a more representative economic framework than the simple application of the retail price index.
The proposals do not introduce significant changes to the Chilean process, but they remove some of the ambiguities in the calculation of the operational costs, minimizing divergences between the regulator and the regulated companies.
